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The Claims 

What is claimed as the invention is: 

5 1. In a netlist having a plurality of gates wherein each of the gates has an 

initial discrete first size and further wherein for each of the gates a discrete second size is 
available, a method to select a set of gate sizes for the netlist wherein for each one of the 
gates one of the first size and the second size is selected such that the selection minimizes 
a sum of weighted delays over all timing edges in the netlist, said method comprising 
10 steps of: 

defining for the netlist an equivalent flow graph having a plurality of first nodes, a 
plurality of first arcs, a source node, a plurality of source arcs, a sink node and a plurality 
of sink arcs, each of said first nodes corresponding to a respective one of the gates and 
each of the first arcs corresponding to a respective one of the timing edges; 

15 computing a value of a first aiiribuic fur cadi unc of said first nodes, said first 

attribute being determinable from assigned weights and delay coefficients associated with 
each of the timing edges incoming to and outgoing from one of the gates to which said 
one of the nodes respectively corresponds, said delay coefficients associated with each of 
the timing edges being determinable from a plurality of calculated delays between a 

20 driver one of the gates and a set of each receiver one of the gates for said driver one of 
the gates for each combination of said driver one of the gates being one of said first size 
and said second size and said set of each receiver one of the gates being all of one of said 
first size and said second size; 

computing a value of a second attribute for each one of said first arcs transitioning 

25 from one of said first nodes for which said respective one of the gates is said driver one 
of the gates, said second attribute being determinable from one of said assigned weights 
and selected ones of said delay coefficients for one of the timing edges for said driver one 
of the gates for which said one of the nodes respectively corresponds and assigning said 
value of said second attribute for each one of said first arcs as value of a flow capacity for 

30 each same one of said first arcs; 
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placing each one of said source arcs between said source node and a respective 
one of said first nodes having a positive value of said first attribute and assigning said 
positive value as a value of said flow capacity to said one of said source arcs and placing 
each one of said sink arcs between said sink node and a respective one of said first nodes 
5 having a negative value and assigning a negative of said negative value as a value of said 
flow capacity to said one of said sink arcs; 

partitioning said first nodes into a source partition and a sink partition such that a 
sum of said value of said flow capacity on each of said source arcs, said sink arcs and 
said first arcs cut by the partitioning is a minimum sum for all possible partitions; and 
10 selecting in said set of gate sizes said first size for each of the gates for which one 

of said first nodes in said source partition respectively corresponds and said second size 
for each of the gates for which one of said first nodes in said sink partition respectively 

15 2. A method as set forth in Claim 1 wherein said partitioning step is 

performed using a Push-Relabel algorithm. 

3. A method as set forth in Claim 1 further comprising the step of: 
computing a value of said delay coefficients for each one of the timing edges in 
20 the netlist wherein said delay coefficients include a first coefficient, a second coefficient, 
a third coefficient and a fourth coefficient; 

said first coefficient being proportional to one of said calculated delays when said 
driver one of said gates and each receiver one of said gates is said first size; 

said second coefficient being proportional to one of said calculated delays when 
25 said driver one of said gates is said second size and each receiver one of said gates is said 
first size; 

said third coefficient being proportional to a first difference between one of said 
calculated delays when said driver one of said gates is said first size and each receiver 
one of the gates is said second size and one other of said delays when said driver one of 
30 said gates is said first size and each receiver one of the gates is said first size divided by a 
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second difference of total input capacitance when each receiver one of the gates is said 
second size and each receiver one of the gates is said first size; and 

said fourth coefficient being proportional to a difference between one of said 
calculated delays when said driver one of said gates is said second size and each receiver 
one of the gates is said second size and one other of said delays when said driver one of 
said gates is said second size and each receiver one of the gates is said first size divided 
by a second difference of total input capacitance when each receiver one of the gates is 
said second size and each receiver one of the gates is said first size. 

4. A method as set forth in Claim 3 wherein said first attribute computing 
step includes the step of: 

computing a first increment of said first attribute for each associated one of the 
outgoing timing edges at s*»H nnp of said first nodes when corresDonding to one of the 
gates being said driver one of the gates, said first increment being determinable from all 
of said delay coefficients on said associated outgoing one of the timing edges; 

computing a second increment of said first attribute for each of said one of said 
first nodes when corresponding to one of said gates being said receiver one of the gates, 
said second increment being determined from said third delay coefficient and said fourth 
delay coefficient on each of the timing edges; and 

summing each first increment and second increment at each of said one of said 
first nodes to obtain said value of said first attribute. 

5. A method as set forth in Claim 3 wherein said second attribute computing 
step includes the step of: 

computing an increment of said second attribute for each of said first arcs as a 
function of said third coefficient and said fourth coefficient on each corresponding one of 
the timing edges. 

6. A method as set forth in Claim 3 further comprising the step of: 
calculating each of said calculated delays for each one of the timing edges as a 

sum of a delay constant through said driver one of the gates and a product of output 
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resistance of said driver one of the gates with a total load capacitance obtained by 
summing an input capacitance for each driver one of the gates on each of the timing 
edges transitioning from said driver one of the gates. 

5 7. A method as set forth in Claim 3 wherein delay on each of the timing 

edges is expressible as a function of a size S drv of said driver one of the gates and a size 
S r of each receiver one of the gates such that 

rerec 

wherein S rec is said size for said set of each receiver one of the gates, K(S drv ) is said 
10 delay constant through said driver one of the gates, R(S drv ) is said output resistance of 
said driver one of the gates and AC r is a difference in input capacitance between said 
second size and said first size for each receiver one of the gates, such that when said first 
size is expressed as S=0 and said second size expressed as S=i said first coefficient is 
expressed as 
15 K(6)=delay(0 9 0) 

said second coefficient is expressed as 
K{l)=de!ay(l0) 

said third coefficient is expressed as 



R(0) = 



delay(Q,l)-delay(Q,Q) 

2>c r 



20 and said fourth coefficient is expressed as 

R ^ delays) -delaym 



8. A method as set forth in Claim 7 wherein said first attribute for each one 
of said first nodes is expressible as a sum of a first increment Af™ associated with each 

25 respective one of the outgoing timing edges from said driver one of the gates 
corresponding to said one of said first nodes when being an i ft one of said first nodes and 
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a second increment A™ r associated with on each incoming one of timing edges to each 

receiving one of the gates corresponding to said one of said first nodes when being a f 1 
one of said first nodes such that 

A; ncr =w(e)(K(\) - K(0)) - W(R(0) - i?(l))AC y / 2 , and 
5 Aj cr =W(R(0) + R(\))ACj/2, 

wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates to one receiving one of the gates, W is the sum of assigned weights w(e) 
on all outgoing ones of the timing edges from said driver one of the gates and AC y is a 

difference in input capacitance between said second size and said first size for each 
1 0 receiver one of the gates corresponding to said j* one of said first nodes. 

9. A method as set forth in Claim 7 wherein said second attribute for 
one of said first arcs between each i* one andf one of said fist nodes is expressible as 

fi, y =W(0)-i?(l))AC y /2 9 

15 wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates corresponding to said i* one of said first nodes to one receiving one of 
the gates corresponding to said j* one of said first nodes, W is the sum of assigned 
weights w(e) on all outgoing ones of the timing edges from said driver one of the gates 
and ACj is a difference in input capacitance between said second size and said first size 

20 for each receiver one of the gates corresponding to said j* one of said first nodes. 

10. In a netlist having a plurality of gates wherein for each of the gates a 
number of discrete gate sizes is available for selection, a reiterative method to select a set 
of gate sizes for the netlist wherein for each of the gates one of the available sizes is 

25 selected such that the selection minimizes worst slack in the netlist, said method 
comprising the steps of: 

selecting a current first gate size and an available second gate size for each one of 
the gates wherein at an initial iteration of said selecting step said current gate size is 
selected to be an initially selected one of the available gate sizes and at each subsequent 
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iteration of said selecting step said current gate size is a resultant new gate size for each 
one of the gates from an immediately prior iteration; 

assigning a current weight to each one of the timing edges in the netlist wherein 
said current weight is a function of a current worst slack determined for the netlist using 
5 said current gate size; 

selecting said new gate size for each one of the gates from one of said current first 
gate size and said second gate size wherein such selection of each new gate size 
minimizes a sum of weighted delays obtained over all timing edges; and 

re-iterating said current gate size selecting step, said assigning step and said new 
10 gate size selecting step such that at each of the iterations said current worst slack is 
determined, said set of gate sizes being selected as said current gate size for each of the 
gates in the iteration for which said current worst slack is determined to be minimal. 

11. A method as set forth in Claim 1 0 wherein at each iteration of said current 
gate size selecting step said second gaic size is a next larger one of said available gate 
sizes on even iterations of said current gate size selecting step and a next smaller one of 
said available gate sizes on odd iterations of said current gate size selecting step. 

12. A method as set forth in Claim 11 wherein said current gate size is 
20 maintained at any one of the gates in the event said second gate is not available for said 

any one of the gates in any one iteration of said current gate size selecting step. 

13. A method as set forth in Claim 1 1 wherein said assigning step includes the 
step of performing a static timing analysis to determine slack on each respective one of 

25 the timing edges and worst slack. 

14. A method as set forth in Claim 13 wherein said current weight 
determining step is performed in accordance with the expression 

w(e)=l f(dw + (slack(e) - WS)) , 
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wherein e is a current one of the timing edges, w(e) is said current weight for said 
current one of the timing edges, slack(e) is slack on said current one of the timing edges, 
WS is the worst slack in the netlist and dw is a number greater than zero. 

5 15. A method as set forth in Claim 1 1 wherein said assigning step includes the 

step of normalizing said current weight on each of the timing edges at each one of the 
gates between the timing edges wherein at each one of the gates a sum of said current 
weight on each incoming one of the timing edges is equal to a sum of said current weight 
on each outgoing one of the timing edges. 

10 

16. A method as set forth in Claim 11 wherein said assigning step includes 
the step of updating said current weight for each one of the timing edges as a function of 
a prior weight assigned in an iiiuncumicly piiui ilciatioii at a same one of the timing 
edges. 

15 

17. A method as set forth in Claim 16 wherein said updating step is performed 
in accordance with the expression 

w(e)=(l - a)w prev (e)+aw new (e) 

wherein e is a current one of the timing edges, w(e) is said current weight for said 
20 current one of the timing edges after said updating step, or is a number between zero and 
one, w prev (e) is said prior weight, w new (e)is said current weight prior to said updating 

step. 

18. A method as set forth in Claim 10 wherein said new gate size selecting 
25 step includes the steps of: 

defining for the netlist an equivalent flow graph having a plurality of first nodes, a 
plurality of first arcs, a source node, a plurality of source arcs, a sink node and a plurality 
of sink arcs, each of said first nodes corresponding to a respective one of the gates and 
each of the first arcs corresponding to a respective one of the timing edges; 
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computing a value of a first attribute for each one of said first nodes, said first 
attribute being determinable from assigned weights and delay coefficients associated with 
each of the timing edges incoming to and outgoing from one of the gates to which said 
one of the nodes respectively corresponds, said delay coefficients associated with each of 
5 the timing edges being determinable from a plurality of calculated delays between a 
driver one of the gates and a set of each receiver one of the gates for said driver one of 
the gates for each combination of said driver one of the gates being one of said first size 
and said second size and said set of each receiver one of the gates being all of one of said 
first size and said second size; 

10 computing a value of a second attribute for each one of said first arcs transitioning 

from one of said first nodes for which said respective one of the gates is said driver one 
of the gates, said second capacity attribute being determinable from one of said assigned 
weights and selected ones of said delay coefficients for one of the timing edges for said 
driver one of the gates for which said one of the nodes respectively corresponds and 

15 assigning said vaiue of said second attribute fur each one ui said first aics as value of a 
flow capacity for each same one of said first arcs; 

placing each one of said source arcs between said source node and a respective 
one of said first nodes having a positive value of said first attribute and assigning said 
positive value as a value of said flow capacity to said one of said source arcs and placing 

20 each one of said sink arcs between said sink node and a respective one of said first nodes 
having a negative value and assigning a negative of said negative value as a value of said 
flow capacity to said one of said sink arcs; 

partitioning said first nodes into a source partition and a sink partition such that a 
sum of said value of said flow capacity on each of said source arcs, said sink arcs and 

25 said first arcs cut by the partitioning is a minimum sum for all possible partitions; and 

selecting the current size for each of the gates for which one of said first nodes in 
said source partition respectively corresponds and the next larger available one of the 
gate sizes for each of the gates for which one of said first nodes in said sink partition 
respectively corresponds. 

30 
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19. A method as set forth in Claim 18 wherein said partitioning step is 
performed using a Push-Relabel algorithm. 

20. A method as set forth in Claim 1 8 further comprising the step of: 

5 computing a value of said delay coefficients for each one of the timing edges in 

the netlist wherein said delay coefficients include a first coefficient, a second coefficient, 
a third coefficient and a fourth coefficient; 

said first coefficient being proportional to one of said calculated delays when said 
driver one of said gates and each receiver one of said gates is said current size; 

10 said second coefficient being proportional to one of said calculated delays when 

said driver one of said gates is said next larger available one of the gate sizes and each 
receiver one of said gates is said current size; 

said third coefficient being proportional to a first difference between one of said 
calculated delays when said driver one of said gates is said current size and each receiver 

15 one of the gates is said next larger available one of the gate sizes and one other of said 
delays when said driver one of said gates is said current size and each receiver one of the 
gates is said current size divided by a second difference of total input capacitance when 
each receiver one of the gates is said next larger available one of the gate sizes and each 
receiver one of the gates is said current size; and 

20 said fourth coefficient being proportional to a difference between one of said 

calculated delays when said driver one of said gates is said next larger available one of 
the gate sizes and each receiver one of the gates is said next larger available one of the 
gate sizes and one other of said delays when said driver one of said gates is said next 
larger available one of the gate sizes and each receiver one of the gates is said current 

25 size divided by a second difference of total input capacitance when each receiver one of 
the gates is said next larger available one of the gate sizes and each receiver one of the 
gates is said current size. 

21. A method as set forth in Claim 20 wherein said first attribute computing 
30 step includes the step of: 
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computing a first increment of said first attribute for each associated one of the 
outgoing timing edges at said one of said first nodes when corresponding to one of the 
gates being said driver one of the gates, said first increment being determinable from all 
of said delay coefficients on said associated outgoing one of the timing edges; 
5 computing a second increment of said first attribute for each of said one of said 

first nodes when corresponding to one of said gates being said receiver one of the gates, 
said second increment being determined from said third delay coefficient and said fourth 
delay coefficient on each of the timing edges; and 

summing each first increment and second increment at each of said one of said 
1 0 first nodes to obtain said value of said first attribute. 

22. A method as set forth in Claim 20 wherein said second attribute 
computing step includes the step of: 

computing an increment of said second attribute for each of said first arcs as a 
15 function of said third coefficient and said fourth coefficient on each corresponding one of 
the timing edges. 

23. A method as set forth in Claim 20 further comprising the step of: 
calculating each of said calculated delays for each one of the timing edges as a 

20 sum of a delay constant through said driver one of the gates and a product of output 
resistance of said driver one of the gates with a total load capacitance obtained by 
summing an input capacitance for each driver one of the gates on each of the timing 
edges transitioning from said driver one of the gates. 

25 24. A method as set forth in Claim 20 wherein delay on each of the timing 

edges is expressible as a function of a size S drv of said driver one of the gates and a size 

S r of each receiver one of the gates such that 

rerec 

wherein S rec is said size for said set of each receiver one of the gates, K(S drv ) is said 
30 delay constant through said driver one of the gates, R{S drv ) is said output resistance of 
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said driver one of the gates and AC r is a difference in input capacitance between said 
next larger available one of the gate sizes and said current size for each receiver one of 
the gates, such that when said current size is expressed as S=0 and said next larger 
available one of the gate sizes expressed as S=l said first coefficient is expressed as 
K(6)=delay(0 9 0) 

said second coefficient is expressed as 
K(\)=delay(l,0) 

said third coefficient is expressed as 



*(0) = 



delay(0,l)-delay(0,0) 
I AC, 



rzrec 



10 and said fourth coefficient is expressed as 

n u\ delay(U)-d elay(lO) 

— — • 



25. A method as set forth in Claim 24 wherein said first attribute for each one 
of said first nodes is expressible as a sum of a first increment Af™ associated with each 

15 respective one of the outgoing timing edges from said driver one of the gates 
corresponding to said one of said first nodes when being an i* one of said first nodes and 
a second increment A™ r associated with on each incoming one of timing edges to each 

receiving one of the gates corresponding to said one of said first nodes when being a j A 
one of said first nodes such that 
20 Af cr =w(e)(K(l) - K(0)) - W(R(0) - R(\))ACj 1 2 , and 

A™ r =W{R(Q) + R(\)) AC j 12 , 

wherein w(e) is said assigned weight on each one of the timing edges from said driver 

one of the gates to one receiving one of the gates, W is the sum of assigned weights w(e) 

on all outgoing ones of the timing edges from said driver one of the gates and AC, is a 

25 difference in input capacitance between said second size and said first size for each 
receiver one of the gates corresponding to said f* one of said first nodes. 
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26. A method as set forth in Claim 24 wherein said second attribute for each 
one of said first arcs between each i th one and j* one of said fist nodes is expressible as 



5 wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates corresponding to said i* one of said first nodes to one receiving one of 
the gates corresponding to said j* one of said first nodes, W is the sum of assigned 
weights w(e) on all outgoing ones of the timing edges from said driver one of the gates 
and AC j is a difference in input capacitance between said second size and said first size 
10 for each receiver one of the gates corresponding to said j* one of said first nodes. 

27. In a netlist having N number of gates wherein for each i* one of the gates 
a predetermined number of discrete gates sizes X. is available for selection, a reiterative 
method to select a set 3c of gate sizes from all available sizes X for each of the gates that 
1 5 satisfies a first expression 



to minimize a negative value of worst slack WS in the netlist, said method comprising 
steps of: 

selecting a current first gate size X for each instance insts of the gates and an 
20 available second size for each instance wherein at an initial iteration of said selecting step 
said current gate size X is selected to be an initially selected one of the available gate 
sizes and at each subsequent iteration of said selecting step said current gate size X is a 
resultant new gate size for each one of the gates from an immediately prior iteration; 



25 is associated with a respective timing edge e in a set of timing edges E in the netlist 
wherein each weight w(e) is a function of a current worst slack determined for the netlist 
using said current gate size; 



^-^(0)-/?(l))AC y /2, 



min max 

xeX L peP 




assigning a set of weights w wherein each weight w(e) in said set of weights w 
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selecting a new gate size X for each instance insts of the gates wherein said 
new gate size is selected from said first gate size expressed as S = 0 and said second 
gate size expressed as S = 1 such that said minimum sum of weighted delays from a set 
of sizes S € {0,1} containing each new gate size satisfies a third expression 



nun 

5e{0,l}" 



wherein each A i and B t j are respectively a first attribute and a second attribute each 
having a value determinable from said weight w(e) and a plurality of calculated delays 
delay(e) on each edge e between an i* instance insts of the gates and a j th instance 
insts of the gates obtained for each case of delay(S drv ,S r ) wherein S drv is a size of a 
10 driver one of the gates being one of said current size and said next larger one of the 
available sizes and S r is a size of receiving ones of the gates associated with said driver 
one of the gates aii being one of said current size and said next larger one of the available 
sizes; and 

re-iterating said current gate size selecting step, said assigning step and said new 
15 gate size selecting step such that at each of the iterations said current worst slack is 
determined, said set x of gate sizes X being selected as said current gate size for each 
of the gates in the iteration for which said current worst slack is determined to be 
minimal. 



20 28. A method as set forth in Claim 27 wherein at each iteration of said current 

gate size selecting step said second gate size is a next larger one of said available gate 
sizes on even iterations of said current gate size selecting step and said second gate size is 
a next smaller one of said available gate sizes on odd iterations of said current gate size 
selecting step. 

25 

29. A method as set forth in Claim 28 wherein said current gate size is 
maintained at any one of the gates in the event said second gate size is not available for 
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said any one of the gates in any one of the iterations of said current gate size selecting 
step. 

30. A method as set forth in Claim 28 wherein said assigning step includes the 
5 step of performing a static timing analysis to determine slack on each associated timing 

edge e and worst slack. 

31. A method as set forth in Claim 30 wherein said weight determining step is 
performed in accordance with the expression 

10 w(e)=\ l(dw + (slack(e) - WS)) , 

wherein slack(e) is slack on each associated timing edge e , WS is the worst slack in the 
netlist and dw is a number greater than zero. 

32. A method as set forth in Claim 28 wherein said assigning step includes the 
15 step of normalizing said weight w(e) on each associated timing edge e at each one of the 

gates wherein at each one of the gates a sum of said weight w(e) on each incoming 
timing edge e is equal to a sum of said weight w(e) on each outgoing timing edge e . 

33. A method as set forth in Claim 28 wherein said assigning step includes 
20 the step of updating said weight w(e) for each associated timing edge e as a function of 

a prior weight assigned in an immediately prior iteration at a same one of each associated 
timing edge e . 

34. A method as set forth in Claim 33 wherein said updating step is performed 
25 in accordance with the expression 

w(e)=(\ - a)w prev (e)+aw ttew (e) 

wherein a is a number between zero and one, w prev (e) is said prior weight, w new (e)is 
said current weight prior to said updating step. 
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35. A method as set forth in Claim 27 wherein said new gate size selecting 
step includes the steps of: 

defining for the netlist an equivalent flow graph having N number of first nodes, a 
plurality of first arcs, a source node, a plurality of source arcs, a sink node and a plurality 
5 of sink arcs, each I th one of said first nodes corresponding to a respective one of the 
gates and each of said first arcs between an i A one and a j* one of said first nodes 
corresponding to a respective one of each timing edge e between an i* one and a one 
of the gates; 

computing said value A f of said first attribute for each i* one of said first nodes, 
10 said first attribute being determinable from said weight w(e) and a plurality of delay 
coefficients for each associated timing edge e incoming to and outgoing from a 
corresponding i A one of the gates to which said one of the nodes respectively corresponds 
wherein said delay coefficients have a value for each associated liming edge e 
determinable from said calculated delays delay(e) on each edge e obtained for each case 

15 of delay(S d „ 9 S r ); 

computing said value B tJ of said second attribute for each one of said first arcs 

transitioning from said i* one of said first nodes to a f 1 one of said first nodes for which 
said corresponding i* one of the gates is said driver one of the gates and said a 
corresponding j* one the gates is one receiver one of the gates, said second attribute 
20 being determinable from said weight on each timing edge e from said i* one of the gates 
and selected ones of said delay coefficients on each corresponding timing edge between 
said i* one of the gates and said j* one the gates and assigning said value B f J of said 

second attribute for each one of said first arcs as value of a flow capacity for each same 
one of said first arcs; 

25 placing each one of said source arcs between said source node and each respective 

i* one of said first nodes for which A i > 0 and assigning A i as a value of said flow 
capacity to said one of said source arcs and placing each one of said sink arcs between 
said sink node and each respective one i* of said first nodes for which A i < 0 and 

assigning -A t as a value of said flow capacity to said one of said sink arcs; 
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partitioning said first nodes into a source partition and a sink partition such that a 
sum of said value of said flow capacity on each of said source arcs, said sink arcs and 
said first arcs cut by the partitioning is a minimum sum for all possible partitions; and 

selecting said first gate size for each of the gates for which one of said first nodes 
5 in said source partition respectively corresponds and said second gate size for each of the 
gates for which one of said first nodes in said sink partition respectively corresponds. 

36. A method as set forth in Claim 35 wherein said partitioning step is 
performed using a Push-Relabel algorithm. 

10 

37. A method as set forth in Claim 35 further comprising the step of: 
computing a value of said delay coefficients for each one of the timing edges in 

the netlist wherein s^id delsiy coefficients include ?. first coefficient a ^rnnH m efficient 

a third coefficient and a fourth coefficient; 
15 said first coefficient being proportional to one of said calculated delays when said 

driver one of said gates and each receiver one of said gates is said current size; 

said second coefficient being proportional to one of said calculated delays when 

said driver one of said gates is said next larger available one of the gate sizes and each 

receiver one of said gates is said current size; 
20 said third coefficient being proportional to a first difference between one of said 

calculated delays when said driver one of said gates is said current size and each receiver 

one of the gates is said next larger available one of the gate sizes and one other of said 

delays when said driver one of said gates is said current size and each receiver one of the 

gates is said current size divided by a second difference of total input capacitance when 
25 each receiver one of the gates is said next larger available one of the gate sizes and each 

receiver one of the gates is said current size; and 

said fourth coefficient being proportional to a difference between one of said 

calculated delays when said driver one of said gates is said next larger available one of 

the gate sizes and each receiver one of the gates is said next larger available one of the 
30 gate sizes and one other of said delays when said driver one of said gates is said next 

larger available one of the gate sizes and each receiver one of the gates is said current 
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size divided by a second difference of total input capacitance when each receiver one of 
the gates is said next larger available one of the gate sizes and each receiver one of the 
gates is said current size. 

5 38. A method as set forth in Claim 37 wherein said first attribute computing 

step includes the step of: 

computing a first increment of said first attribute for each associated one of the 
outgoing timing edges at said one of said first nodes when corresponding to one of the 
gates being said driver one of the gates, said first increment being determinable from all 
1 0 of said delay coefficients on said associated outgoing one of the timing edges; 

computing a second increment of said first attribute for each of said one of said 
first nodes when corresponding to one of said gates being said receiver one of the gates, 
said second increment being determined from said third delay cnp.ffir.ip.nt anH <&\c\ fourth 
delay coefficient on each of the timing edges; and 
15 summing each first increment and second increment at each of said one of said 

first nodes to obtain said value of said first attribute. 

39. A method as set forth in Claim 37 wherein said second attribute 
computing step includes the step of: 

20 computing an increment of said second attribute on each of the timing edges 

wherein said selected ones of said delay coefficients are said third coefficient and said 
fourth coefficient. 

40. A method as set forth in Claim 37 further comprising the step of: 

25 calculating said calculated delays for each one of the timing edges as a sum of a 

delay constant through said driver one of the gates and a product of output resistance of 
said driver one of the gates with a total load capacitance obtained by summing an input 
capacitance for each driver one of the gates on each of the timing edges transitioning 
from said driver one of the gates. 

30 

41 . A method as set forth in Claim 37 wherein 
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rerec 

and further wherein K(S dry ) is a delay constant through said driver one of the gates, 
R(S drv ) is an output resistance of said driver one of the gates and AC, is a difference in 
input capacitance between said next larger available one of the gate sizes and said current 
size for each receiver one of the gates, such that when said current size is expressed as 
S=0 and said next larger available one of the gate sizes expressed as S=l said first 
coefficient is expressed as 
K(6)=delay(Q 9 0) 

said second coefficient is expressed as 
K(\)=delay(l,0) 

said third coefficient is expressed as 
R() _ delaym-delaym 



and said fourth coefficient is expressed as 
() _ delay(ll)-de!ay(lO) 
w " I>C r 



42. A method as set forth in Claim 41 wherein said first attribute for each one 
of said first nodes is expressible as a sum of a first increment Af cr associated with each 
respective one of the outgoing timing edges from said driver one of the gates 
corresponding to said one of said first nodes when being an i A one of said first nodes and 
a second increment A™ r associated with on each incoming one of timing edges to each 

receiving one of the gates corresponding to said one of said first nodes when being a j th 
one of said first nodes such that 

-4/"" =w(e)(i^(l) - i^(0)) - ^(i?(0) - /2, and 

Aj cr =W(R(0) + R(\))ACj/2 9 
wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates to one receiving one of the gates, W is the sum of assigned weights w(e) 
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on all outgoing ones of the timing edges from said driver one of the gates and AC, is a 

difference in input capacitance between said second size and said first size for each 
receiver one of the gates corresponding to said one of said first nodes. 

5 43. A method as set forth in Claim 41 wherein said second attribute for each 

one of said first arcs between each i* one and j* one of said fist nodes is expressible as 
5 f - y =^(J?(0)-i?(l))AC > /2, 

wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates corresponding to said i* one of said first nodes to one receiving one of 
10 the gates corresponding to said j* one of said first nodes, W is the sum of assigned 
weights w(e) on all outgoing ones of the timing edges from said driver one of the gates 
and AC. fc a difference in input capacitance between said second size and said first size 
for each receiver one of the gates corresponding to said j* one of said first nodes. 



15 44. In a netlist having N number of instances insts of gates wherein each of 

the gates has an initial discrete first size expressed as S = 0 and further wherein for each 
of the gates a discrete second size expressed as S = 1 is available, a method to select a 
set of gates sizes S e {0,1} for the netlist wherein for each one of the gates one of the first 
size and the second size is selected such that the selection minimizes a sum of weighted 

20 delays expressed as 



min 



^ jeinsts ij&nsts 



over all timing edges between an i* one and a j* one of the gates in the netlist, said 
method comprising steps of: 

defining for the netlist an equivalent flow graph having N number of first nodes, a 
25 plurality of first arcs, a source node, a plurality of source arcs, a sink node and a plurality 
of sink arcs, each i* one of said first nodes corresponding to a respective i* one of the 
gates and each of said first arcs between an i A one and a one of said first nodes 
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corresponding to a respective one of each timing edge e between an i* one and a j* one 
of the gates; 

computing a value of a first attribute A j for each i* one of said first nodes, said 
first attribute being determinable from an assigned weight w(e) , a plurality of delay 
5 coefficients on each edge e incoming to and outgoing from an i* instance insts of the 
gates obtained for each case of delay(S drv ,S r ) wherein S drv is a size of a driver one of 
the gates being one of said current size and said next larger one of the available sizes and 
S r is a size of receiving ones of the gates associated with said driver one of the gates all 
being one of said current size and said next larger one of the available sizes; 
10 computing a value of said second attribute Z? / 7 for each one of said first arcs 

transitioning from said i* one of said first nodes to a j* one of said first nodes for which 
said corresponding i th unc uf llic gates is said driver one of the gates and said a 
corresponding j* one the gates is one receiver one of the gates, said second attribute 
being determinable from said weight w(e) on each timing edge e from said i* one of the 
15 gates and selected ones of said delay coefficients on each corresponding timing edge 
between said i* one of the gates and said one the gates and a assigning said value of 
Bj j to a flow capacity for each same one of said first arcs; 

placing each one of said source arcs between said source node and each respective 
one of said first nodes for which A i > 0 and assigning A i as a value of said flow 
20 capacity to said one of said source arcs and placing each one of said sink arcs between 
said sink node and each respective one i* of said first nodes for which A i < 0 and 

assigning -A i as a value of said flow capacity to said one of said sink arcs; 

partitioning said first nodes into a source partition and a sink partition such that a 
sum of said value of said flow capacity on each of said source arcs, said sink arcs and 
25 said first arcs cut by the partitioning is a minimum sum for all possible partitions; and 

selecting said current gate size for each of the gates for which one of said first 
nodes in said source partition respectively corresponds and said next larger available one 
of the gate sizes for each of the gates for which one of said first nodes in said sink 
partition respectively corresponds. 
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45. A method as set forth in Claim 44 wherein said partitioning step is 
performed using a Push-Relabel algorithm. 

5 46. A method as set forth in Claim 44 further comprising the step of: 

computing for each one of the timing edges in the netlist a value of said delay 
coefficients wherein said delay coefficients include a first coefficient, a second 
coefficient, a third coefficient and a fourth coefficient; 

said first coefficient being proportional to one of said calculated delays when said 
1 0 driver one of said gates and each receiver one of said gates is said first size; 

said second coefficient being proportional to one of said calculated delays when 
said driver one of said gates is said second size and each receiver one of said gates is said 

fir of OV7P' 

said third coefficient being proportional to a first difference between one of said 
15 calculated delays when said driver one of said gates is said first size and each receiver 
one of the gates is said second size and one other of said delays when said driver one of 
said gates is said first size and each receiver one of the gates is said first size divided by a 
second difference of total input capacitance when each receiver one of the gates is said 
second size and each receiver one of the gates is said first size; and 
20 said fourth coefficient being proportional to a difference between one of said 

calculated delays when said driver one of said gates is said second size and each receiver 
one of the gates is said second size and one other of said delays when said driver one of 
said gates is said second size and each receiver one of the gates is said first size divided 
by a second difference of total input capacitance when each receiver one of the gates is 
25 said second size and each receiver one of the gates is said first size. 

47. A method as set forth in Claim 46 wherein said first attribute computing 
step includes the step of: 

computing a first increment of said first attribute as a fimction of all of said delay 
30 coefficients for each of said one of said first nodes on each of the timing edges for said 
corresponding one of said gates being said driver one of the gates; 
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computing a second incremental of said first attribute as a function of said third 
delay coefficient and said fourth delay coefficient for each of said one of said first nodes 
on each of the timing edges for said corresponding one of said gates being said receiver 
one of the gates; and 

5 summing each first increment and second increment for each of said one of said 

first nodes to obtain said first attribute. 

48. A method as set forth in Claim 46 wherein said second attribute 
computing step includes the step of: 

10 computing an increment of said second attribute on each of the timing edges 

wherein said selected ones of said delay coefficients are said third coefficient and said 
fourth coefficient. 

49. A method as set forth in Claim 46 further comprising the step of: 

15 calculating said calculated delays for each one of the timing edges as a sum of a 

delay constant through said driver one of the gates and a product of output resistance of 
said driver one of the gates with a total load capacitance obtained by summing an input 
capacitance for each driver one of the gates on each of the timing edges transitioning 
from said driver one of the gates. 

20 

50. A method as set forth in Claim 46 wherein delay on each of the timing 
edges is expressible as a function of a size S drv of said driver one of the gates and a size 

S r of each receiver one of the gates such that 

del^(s drv ,S nc )=K(sJ + R(sJY. S r^ r 

rerec 

25 wherein S rec is said size for said set of each receiver one of the gates, K(S drv ) is said 
delay constant through said driver one of the gates, R(S drv ) is said output resistance of 
said driver one of the gates and AC r is a difference in input capacitance between each 
receiver one of the gates being said second size and said first size, such that when said 
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first size is expressed as S=0 and said second size expressed as S=l said first coefficient 
is expressed as 

K{Q)=delay(0 9 0) 

said second coefficient is expressed as 
K(l)=delay(lfi) 

said third coefficient is expressed as 
R u\ delays-delay (0,0) 
W " lAC r 

nice 

and said fourth coefficient is expressed as 
() _ delay(l,l)-delay(l,0) 



51. A method as set forth in Claim 50 wherein said first attribute for each one 
of said first nodes is expressible as a sum of a first increment Aj" cr associated with each 
respective one of the outgoing timing edges from said driver one of the gates 
corresponding to said one of said first nodes when being an i* one of said first nodes and 
15 a second increment Aj cr associated with on each incoming one of timing edges to each 

receiving one of the gates corresponding to said one of said first nodes when being a j* 
one of said first nodes such that 

A* cr =w(e)(K(l) - K(0)) - W(R(0) - *(l))AC y 12 , and 

^f r =^(i?(0) + i{(l))AC 7 /2, 

20 wherein w(e) is said assigned weight on each one of the timing edges from said driver 

one of the gates to one receiving one of the gates, W is the sum of assigned weights w(e) 

on all outgoing ones of the timing edges from said driver one of the gates and AC, is a 

difference in input capacitance between said second size and said first size for each 
receiver one of the gates corresponding to said f one of said first nodes. 

25 
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52. A method as set forth in Claim 50 wherein said second attribute for each 
one of said first arcs between each i A one and f one of said fist nodes is expressible as 
B u =W(R(Q)-RmCj/2 9 

wherein w(e) is said assigned weight on each one of the timing edges from said driver 
one of the gates corresponding to said i* one of said first nodes to one receiving one of 
the gates corresponding to said j* one of said first nodes, W is the sum of assigned 
weights w{e) on all outgoing ones of the timing edges from said driver one of the gates 
and AC j is a difference in input capacitance between said second size and said first size 
for each receiver one of the gates corresponding to said one of said first nodes. 
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